In the process of designing a LNG storage tank, it is mandatory to examine whether the outer concrete tank satisfies the criteria for liquid tightness in the event of emergency LNG spillage. The compressive zone size of concrete ( 10%, of the wall and in no case less than 80 mm), the average stress in the compressive zone (greater than I MPa), the stress level of reinforcements (less than yield stress), and the surface crack widths at the thermal corner protection (less than 0.3 mm) are mainly investigated by a numerical analysis of the outer concrete tank subjected to thermal shock
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Keywords: LNG; spillage, liquid tightness; crack, compression zone Abstract. ln the existing method for analyzing the liquid tightness of the outer concrete tank in an emergency LNG spillage, the temperamre variation over time inside the tank, and the concrete properties dependent on temperature and internal moisture content, have not been taken into account. In this snidy, the analyses for a rypical LNG concrete tank subjected to thermal load due to spillage were performed with three different cases: the existing method was adopted in the first case, the transient temperature variation was considered in the second, and the tcrnpcraturc-moismre content dependent concrete properties were taken into account as well as the transient states of remperamre in the third. The analysis results for deformation, compressive zone size, cracking and stress of reinforcements wen: compared, and a discussion on the difference between the resuhs obtained from the different analysis cases was made (Received December 9, 2013 , Revised A11g11.'1 II, 2014 , Accepted A11g11.<1 20, 2014 'Department of Civil and Environmental Engineering, Myongji University, Yongin, Republic of Korea 'construcllon Technology Research Institute, Samsung C&T Corporallon, Seoul, where.fc· (MPa) is the compressive strength of concrete,.fco" (MPa) is the compressive strength at normal temperature (around 20°C). and .fc.(MPa) is the increment according to the variation of (l)
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Many researchers (Bamforth el al. 1983 , Dahmani er al. 2007 , Goto and Miura 1979 , Jeon 2004 , Jo er al. 2009 , Marshall 1982 , Marechal, 1972 , Miura 1989 , Kogbara er al. 2013 , KrstulovicOpara 2007 . Rostasy and Wiedemann 1980) have studied the various physical properties of concrete at cryogenic temperatures, such as thermal conductivity, permeability, thermal strain (expansion coefficient), elastic modulus, tensile and compressive strengths, etc. TI1e temperaturedependent properties considered in this study are summarized herein.
The compressive strength of concrete generally increases with the decrease of temperature, but this tendency is greatly influenced by the intemal moisture content because of the moisture freezing. The compressive strength can be simply expressed as follows:
Mechanical properties of concrete in cryogenic temperature
widely adopted in practice, a thermal analysis is first performed under the assumption that LNG of -168°C is in direct contact with the inner wall of the concrete tank, and rhe temperature profile inside the wall is in equilibrium, namely, in the steady state. ln sequence, based on the temperature profile inside the tank in the steady state, the structural analysis for stress, strain and cracking follow.
lt is most likely impossible to verify if the results of the analysis "ill be in good agreement with the actual behavior of the outer tank in an actual spillage because an emergency spillage similar to the conditions considered in the analysis has never happened so far. Therefore, in order to ascertain the realistic behavior of the outer tank in a spillage, the actual phenomena induced by the abrupt temperature change needs to precisely considered in the analysis. However, there are two aspects which are considered differently from the actual phenomena in rhe existing analysis method.
1n reality, it would take some time, probably several days, for the temperature to reach a steady state after the spillage. Lee et al. 2009 , Gorla 2010 , Gillard et al. 2012 . Ln addition, although the mechanical properties of concrete highly depend on remperature and the internal moisture content. it is assumed in the existing analysis method that the constitutive law for the concrete marerial is independent of the temperature or the internal moisture content.
The objective of this study is to elaborate an analysis method for the outer concrete tank in a spillage by taking the aforementioned two aspects into account. A LNG concrete tank of a typical shape and dimensions was selected, and spillage analyses for the selected tank were performed for three different cases. lo the first case, the existing analysis method was adopted. ln the second, the transient state of the internal temperature was taken into account in the analysis. In the third, the materials properties of concrete with varying temperature and internal moisture content as well as the transient temperature were simultaneously considered. Analysis results for the deformation. cracking. compressive zone, and stress of reinforcements were determined, and a discussion on the difference between the results obtained from the different analysis cases was made.
